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$E(V, \Omega)=E_{0}-V\cdot P-\Omega\cdot L$ (1)
1697 2010 121-135 121
. (1) .
$(V\neq 0$ $\Omega=0)$
$(V=0$ $\Omega\neq 0)$ [2].
( ) .
.


















( ) . $s$
$\xi$ $s(\xi, t)=\epsilon\cos(kz(\xi)-\omega t)\hat{x}+\epsilon\sin(kz(\xi)-\omega t)\hat{y}+z(\xi)\hat{z}$
. [6]
$d_{S}/dt=v_{i}+\alpha s^{1}\cross(v_{N}-v_{i})$ .
$s^{n}=d^{n_{S}}\prime d\xi^{n\text{ }}$ $\alpha(T)\geq 0$ $v_{N\text{ }}$
$v_{i}$ . $\epsilon$
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$v_{i}=\beta s^{1}\cross s^{2}\approx\beta k^{2}\epsilon\sin(kz(\xi)-\omega t)\hat{x}-\beta k^{2}\epsilon\cos(kz(\xi)-\omega t)\hat{y}$ .
$\beta=\frac{\kappa}{4\pi}\ln(\frac{1}{ka})$ $\kappa$ $a$ .
$T=0$
$\alpha(T=0)=0$ .
$\omega=\omega_{0}\equiv\beta k^{2}$ . $v_{N}=\Omega\hat{z}\cross r+V\hat{z}(\Omega>0$
$V>0)$ .
$\frac{d\epsilon}{dt}=-\alpha(\omega_{0}+\Omega-kV)\epsilon$ (2)












$E(V, \Omega)=E_{0}-VP_{z}-\Omega L_{z}$ . $P_{z}$ $L_{z}$
$z$ . DG
.













. $M$ $(\rho, \theta, z)$
. $\omega_{||}\ll\omega\perp$ $V_{t}( r)\approx\frac{M}{2}\omega_{\perp}^{2}\rho^{2}$
$z$ $z$
.
( ) $\Psi$ .
$N= \int dr|\Psi|^{2\text{ }}$ $\mu$
$K(\Psi, V, \Omega)=K_{0}(\Psi)-VP_{z}(\Psi)-\Omega L_{z}(\Psi)$ , (4)
. $K_{0}( \Psi)=\int dr[\frac{1}{2}|\nabla\Psi|^{2}+(\frac{1}{2}\rho^{2}|\Psi|^{2}+\frac{1}{2}g|\Psi|^{2}-\mu)|\Psi|^{2}]$
$P_{z}( \Psi)=\int dr(\Psi^{*}\hat{p}_{z}\Psi-\Psi\hat{p}_{z}\Psi^{*})$ $L_{z}( \Psi)=\int dr(\Psi^{*}\hat{l}_{z}\Psi-\Psi\hat{l}_{z}\Psi^{*})$
$\hat{p}_{z}=-i\nabla_{z\text{ }}\hat{l}_{z}=-i(r\cross\nabla)_{z}$ . $g$
$s$ $g=4\pi aNb\perp>0$ .
$\perp$ $b\perp=$
$\sqrt{\hslash’ M\omega\perp}$ $\omega_{\perp}^{-1}$ $z$ $L$
$\int d\rho\rho\int d\theta\int_{-L’ 2}^{L\prime 2}dz|\Psi(r)|^{2}=1$ .
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(4) $\Psi$ Gross-Pitaevskii(GP)





$\mu\equiv\mu(V, \Omega)=\mu(0,0)-\Omega$ ; (6)
. $\psi_{0}$ $V$ $\Omega$ .
$\delta\Psi$ .
$\Psi_{0}$ $\delta\Psi$ $\Psi=\Psi_{0}+\delta\Psi$ . $\omega$
$\delta\Psi=e^{i\theta}[u_{k,l}(\rho)e^{i(kz+l\theta-\omega t)}-v_{k,l}^{*}e^{-i(kz+l\theta-\omega t)}]$ , (7)
$k$ $l$ $z$ .
$\int dV(u_{k,l}^{*}u_{k’,t}J-v_{k}^{*}v_{k,l})=\eta\delta_{k,k’}\delta_{l,l’}$ . $\eta>0$
$\delta_{i,i’}$ .
$l$ 3 .
$l=-1$ [12]. 2 $l=0$
.







(11) (a) $(V, \Omega)=$ $($ 1.071, $0.35)$ (b) $(V, \Omega)=(0.8,0.45)$
. (c) $g_{2D}=500$
$l=-1$ ( ) l $=$ 0( )
l $>$ 0( ) .
GP (5) (7) $BdG$
$(\omega+kV+l\Omega)(\begin{array}{l}u_{k,l}v_{k,l}\end{array})=($ $)(\begin{array}{l}u_{k,l}v_{k,l}\end{array})$ , (8)
. $\hat{h}\pm=-\frac{1}{2}[(d^{2}d\rho^{2})+(d\rho d\rho)-((l\pm 1)^{2}\rho^{2})-k^{2}]+$




$V$ $\Omega$ $u_{k,l}$ $v_{k,l}$ $V$
$\Omega$
. $l$ $g_{2D}\equiv g/L=500$ GP


















$\Omega_{U}=\min i(\omega_{0,l}^{0}\prime l)(l>0)$ . $V=0$




$\omega_{k,l}(V, \Omega)<0$ . $l$














$l$ 2(a) . $(l=-1)$
$\Omega$
2 (a) $\Omega$ . $g_{2D}=500$
$BdG$ .
$(l=-1)$ (l $=$ O) $(l>0)$ $V_{l}$
. GP





. $(l=0)$ $V_{0}$ $\Omega$
$l=-1$ $V_{-1}$ . 1(c)
$k$
.












































$V$ $V_{c}$ . $BdG$
ITP
2(a) . $V_{c}$
















































$\Omega=0.35$ $V=1.00$ $\gamma=0.05$ (a) $t=0$ ,



















$L=10.02$ $\Omega=0.8$ $V=6.95$ $\gamma=0.05$ . (a)
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